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Related Literature

Lirtle is known about the potential transfer of learning benefits of
microcomputerized trainers for aircrew tasks as measured on actual
aircraft equipment. The scarcity of empirical evidence is particularly
troublesome in view of the widespread interest in the applying of
microcomputer-based systems, as low-cost devices, to aircrew
training.
The relative effectiveness of computer assisted instruction (CAl)

versus illustrated program text was examined in this study. The text
version of training provided a convenient, low cost, alternative
media representative of much of the material presently used in
aircrew academic sertings. Related research supports the superiority
of CAl over text or other training media. (Deignan et aI, 1980;
Robinson, Tomblin and Houston, ]98]; Buck, 1982; and Fisher,
1982). Subjects in those studies, however, were dissimilar to those
used in the present investigation (i.e. neither college graduates nor
pilots), and therefore precluded generalizability of results.
The objective of this study, therefore, was to evaluate transfer of

learning to actual aircraft equipment from training using a
microcomputer-assisted interactive graphics trainer in comparison
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This paper oescribes a trlal-of-concept experiment conducted to evaluate the utilllY of a microcomputer graphic,· based
dc~k tOP trainer (DTT) for airc.:rew training purpose~. Air Force instruclor and ~tudenl pilots were lfained 10 program
the computer controlled, air-to·ground weapons, on an F-16 aircraft. An experimental group (n ~ 20) was trained in thc
procedure using a microcomputerized desk top trainer while a control group (n = 20) was trained using a self
in~tructlonal illustrated text, TransFer of training effects were assessed using tasks on the actual aircraft system as the
criterion, with time and number of errors as the dependent measures The experimental group was able to complete
crltenon lask~ in significantly less lime and with significantly fewer errors, lhan the control group. A transfer ef
fect"ene" measure (TEM). computed for both dependent measures. was found to be significant for the experimental
group Resuhs SUPP0rl .he application of microcomputer graphics syslems as low-cost ahernalive training syslems for
the procedural a~pectsof aircrew training.
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DESK TOP TRAINER:
TRANSFER OF TRAINING OF AN AIRCREW PROCEDURAL TASK

The cost of training Air Force aircrews continues to rise. Energy
inflation, developmental and operational costs now make flight
simulators and training devices nearly as expensive as the aircraft
themselves. Although simulators are in widespread use within the
Air Force, there is an urgent need for less costly training alter
natives.

The transfer of learning from a simulated, training, environment to
an operational environment is a major issue. Questions relating to
task fidelity (e.g. how closely a training system must approximate an
actual system in terms of performance functions, appearance, etc.)
are at issue whenever new technology is considered. With cost as a
primary consideration, one approach to improving tra.ning is 10

optimize efficiency during a pre-simulator phase by exploiting least
cost technologies.
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DAVID L. POHLMAN AND BERNELL J EDWARDS

Figure 2.

Subjects

Instructor pilots (n = 20) and student pilots (n = 20) assigned to
undergraduate pilot training at Williams AFB participated as
subjects. None had knowledge of the F-16 aircraft stores
management system. Subjects were randomly assigned to groups.

Experimental Tasks

The task was programming the air-to-ground weapons profile
mode of the F-16 stores management set. The stores management set
i a ompUier program within the aircrart fire antral computer
which permits the pilot to pre t various release paramelers
associated .... ith air-to-ground weapon prior to release of lhe
weapons during a mi sian. The pilot controls the sy tem by the
Ion: antral panel ( P) which IS about fi e inch quare and

consisls of pu. h bulton conlrol urrounding an illuminated
alphanumeri dl play ( ee Figures I and 2). By pushing bUllons in
the proper equen e. the pilot can select. inventor . or modify
delivery parameters or up to five separate weapons. The rited n
ta k used in this experiment consi ted of programming each of five
weapon according to p ilk relea e parameters.

Performance Measures

Time on ta'k and number of inpul crrors were the per orman e
mea ur . The criterion tcst consl ted of five, S" " 7" card. each
containing a differcnt pecifi ation for a weapon delivery prol1le.

a h task description specified weapon type. pecific release
parameter, and required subject 10 program the. 'Slem by ontrol
Input (i.e. bUllon pushes) on the stores control panel in a cockpit
environment. one of the ta k In the crilerion tcst were identical 10
anye amples or practice item used in either version of the training
material.
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to an illuqrated programmed text containing equivalent training
content. using subjects who would typically perform the criterion
tasb.

METHOD

Experimental Design

A modified post-test only control group design (Campbell and
Stanley, 197 J) was used to compare group performance on two
dependent measoJres: mean time (0 task complelion and mean error
rate per task. In addition, a general linear model employing training
time as a covariate (Pennell, nOle I), was used to assess transfer of
training effects. The model was:

Y' = a + b,G + b,X + b,(GX) (I)
Where Y' = Predicted value of the dependent variable,

a = mtercept,
G = design or dummy variable

expressmg group membership,
X = covariate,

b,-b, = Regression weights,
GX = Interaction.

If b, is significant, the within group regressions are not
homogenous. Then it can be argued that a transfer effectiveness
measure (TEM) should be a function of the separate, non
homogenous regression weights. However, when bJ is not significant
(i.e. the regression is homogenous), a natural TEM is:

TEM = 1 - ~ (2)

Y'c
(assuming b, is significant). TEM varies between 0 and I and
measures the superiority of experimental training for a fixed amount
of training time.

his methodolog was uJ.ed rather than the uansfer effe lJvcness
ralio (TER) rep ned by Roscoe (1971. 1972) and Payne (19 2)
because these models as ume no pre-training of the conlrol group.
In Ros De' treatmenl, lhi' as'umplion i u ed as a basis for lhe
T R c mpul31ion. R coc u es the value for the control group'
eriter! n core a;, lhe baseline for the TER e aluation. in e lhe
present expenment was planned with lhe conlrol group receiving a
version of training, neither TER nor the percent of transfer 0

learning discu. cd by Payne as appropnatc for the as e sment of
transfer of trammg in the pre-ent study.

Figure 1.



DESK TOP TRAINER

fidelity), between the simulator environment and the aircraft ap
peared reasonable in the present experiment.

Procedures

Subject scheduling for experimental traInIng and randomized
assignment to groups were predetermined. Each subject was given a
standard text-in briefing and asked to provide some basic
demographic data, regardless of group assignment.

Subjects in the experimental group were seated at the desk top
trainer and given a brief introduction which included operating
instructions after which the experimental training proceded. At the
end of training, subjects were allowed to ask questions about lesson
content.

The control group received the self-instructional illustrated text
and proceeded with the programmed instruction. At the conclusion
of the instruction, the subjects were allowed to ask questions about
the procedure and clarify points in the lesson. The time from start to
completion of instruction was timed for all subjects in both groups.

Following completion of instruction, all subjects were escorted
directly to the simulated F-16 cockpit for criterion testing with each
receiving the same tasks. They were shown the cockpit, seated, and
briefed on the stores control panel. Subjects were told to execute
each of the five tasks contained on the task cards one at a time, as
quickly as possible, but with as few errors as possible. The time to
complete each task and the total elapsed time for the entire test were
recorded. The order of the five tasks was the same for all subjects.
Information displayed on the stores control panel was the same at
the start of each task for all subjects.

Figure 4.

Error Analysis

In addition to time measures, the number of control inputs made
by each subject for each task was recorded. The programming of
each task required a specific sequence of pushed button inputs.
Because each task was initiated with the same information displayed
on the stores control panel, there was a most direct or shortest
"path" to correctly programming each profile, (Le., the minimum
number of button inputs to affect the correct alphanumeric display).
Error inputs, therefore, could be tabulated simply by subtracting the
number of inputs required by the subject from the number required
for errorless execution of the task. A list of the minimum number of
inputs per task is shown in Table I.

TVt-"J50
\ Terminal

W/Dual Aoppy Drive

\ 11-810 Pmter\
Figure 3.

Training Materials

The display functions of the stores control panel were modeled
graphically on the desk top trainer. A computer program was
developed to simulate all the relevant functions of the aircraft
system for the air-to-ground weapons delivery profile mode. A self
instructional training sequence was developed so that subjects could
recei\e all pertinent information, and interact as necessary with the
systel.1 to learn proper task procedures. Programmers used the F-16
stores management set software from the Advanced Simulator for
Pilot Training as a reference in developing experimental software
for the desk top trainer. Prior to the conduct of the study the system
was operated by experienced F-16 pilots as a validation of technical
content.

An illustrated, programmed text was also developed containing
task information equivalent to that in the desk top trainer version.
The illustrated text was prepared using the F-16 Avionics manual as
a content guide. The text and illustrated material corresponded
closely with the computerized instruction, but without the manual
interactivity feature. The text was illustrated to provide clear visual
representations of each step or procedure, exact control inputs to be
made, and system reactions to each control input. The illustrated
text was reviewed and edited by content experts and tried out by
several pilots. The approximate time required to complete in
struction with each version of training was verified prior to data
collection as a control for floor effects.

Apparatus

The desk top trainer (Figures 3 and 4) was based upon a 64K-byte,
random access memory, microcomputer. The system used an SIOO
buss and dual mini-floppy disk drive. The primary display mode was
a color graphics display. Programming and alphanumeric texts were
provided using a standard terminal. Interface with the graphics
display was achieved through a touch panel installed upon the
graphics display and integrated with the computer.

In the stores control panel configuration, the graphic represen
tation of the panel was about 40 percent larger than the actual
aircraft equipment. The training text was displayed on the terminal
cathode ray tube.

A functional spare F-16 stores control panel was used for criterion
testing. This panel was contained in the F-16 cockpit of the Ad
vanced Simulator for Pilot Training and permitted capture of
performance data. Because the system was, in fact, actual aircraft
equipment and functioned precisely as does the aircraft system
stores cuntrol system, the assumption of equivalence (i.e. high

Northstar Computer
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EXPERIMEnTAL RESULTS

The comparison of group performance on the criterion test is
summarized in Figure 5. The experimental group mean completion
time, per task, for the five tasks in the criterion test, was 38.9
seconds in comparison to 47.5 seconds for the control group
(standard error of mean = 5.2 sec). An alpha level of .05 was
selected. The F-value for this comparison was 6.82 (ds = I, 39; p =
.013). The mean errors (excess button pushes) made by the ex
perimental group was .93 per task compared to 3.3 per task for the
control group (standard error of mean = .98). The obtained F-value
for this comparison was 14.17 (ds= J, 39; p <.OOj).

performance differences between the two groups, and the dif
ferential transfer of training effects to criterion performance on
aircraft equipment, demonstrated the superiority of the desk top
trainer instruction. The desk top trainer was more effective than the
text version, presumeably because the system gave subjects the
opportunity to actually engage in the tasks in a manner nearly
identical to that of the cockpit environment.

In order to fully te·t the contribution of the interactivity element,
h "ever, an empirical comparison would be required between
different versions of the I, one with and one withoUi interactivity
(e.g. Avner. Moore, & mith, 19 0). The pre ent ludy provided a
promi ing iollial examination of an application of a "micro" for an
air rew procedural ta k. The result also suggested the ap
propriatenes of a formal mpari on of a d k top trainer again t
ircraft equipment it elf. The re£ults of uch a t.est would provide a

definitive baseline 10 establish the actu.al COSI avoidance potential of
the de k top trainer for an operational training ontext. Su h an
effort was learly OUt ide the cope of the present data.

It eern reasonably certain that microcomputers can be e fectively
pplied to a variety of aircre" ta ks or part-task. But within thi

generalization there remains a great deal to be learned about op
timizing technological applications. Important issues related to
courseware development, cost effectiveness, software stan
dardization and management, effectiveness evaluation, and others
will require systematic investigation before instructional technology
can be applied with confidence.

5
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2

14

RESULTS

n-20

1

13

Task Number
BUllons Required

Table 1. Shortest (Most Correct) Path to Criterion.
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Figure 5.

The linear model (I) was evaluated for both dependent measures
(i.e., time to task completion and errors). In both cases the within
group regressions were homogenous and the group effects (b,) were
significant. Using equation (2), therefore, the TEM for time and
errors, both statistically significant, was .183 and .182 respectively.

DISCUSSION

This experiment was intended primarily as a trial-of-concept of
microcomputer technology for aircrew training. The purpose was to
assess the effectiveness of a desk top trainer as a vehicle to train
cockpit procedural tasks. As a part of this assessment, experimental
training was compared to a version of instruction often used in
current academic training environments. Comparision of criterion




